A measure called the Uncertainty in Unruptured Intracranial Aneurysm Patients Undergoing Endovascular Coiling Scale (UUIACS) was developed and its validity and reliability were examined. The 49 questions that comprised the original draft of the UUIACS were created based on interview data. Based on data from 172 participants, exploratory and confirmatory factor analyses were conducted. As a result of exploratory factor analysis, the UUIACS e retained 17 items and extracted four factors ("Lack of decision-making cues", "Lack of information and complexity of information interpretation", "The ambiguous nature of the disease", and "The unpredictable living with UIA"). All of the UUIACS items showed adequate internal consistency. Between the UUIAC scale and the Universal Uncertainty in Illness Scale (UUIS), the Health Locus of Control (HLC) scale, and the SF-36v2 ® (Japanese version), positive correlations were found between the UUIACS and UUIS, and the HLC scale at a 1% significance level indicating concurrent validity. According to confirmatory factor analysis, the UUIACS had an acceptable goodness of fit. Given these findings, the UUIACS was judged to have satisfied the criteria for use in a clinical setting, although further investigation was required.
Introduction
Given the increased use of brain scans, cranial MRA/3D-CTA, and other minimally-invasive diagnostic imaging techniques, there has been a sharp increase in patients unexpectedly diagnosed with unruptured intracranial aneurysms (UIA) [1] . In Japan, more than 10,000 individuals a year receive this diagnosis. A UIA can lead to a subarachnoid hemorrhage, for which the fatality rate is extremely high; therefore, it has been recommended that patients meeting the accepted criteria for medical treatment, receive preventative surgery (neurosurgical clipping or cerebral endovascular coiling treatment), with the aim of preventing a rupture [2] [3] .
When a UIA is detected, people face an uncertain situation. Beginning from the time before the development of symptoms, an individual is aware of the potential dangers of this illness. People who are asymptomatic and have been diagnosed with a UIA unexpectedly, become aware of its existence with inadequate psychological preparation, and consequently start to show an increase in uncertainty [4] [5], a decline in their quality of life (QOL) [6] , and a deterioration in their mental health [7] . Furthermore, people who are currently healthy have difficulty making decisions about treatment for a UIA, such as choosing whether to undergo preventative medical care and choosing among the options of neurosurgical clipping, neurosurgical endovascular coiling, and active observation. A fairly large number of endovascular surgery patients have problems with imperfect closure and recanalization, requiring surgical correction [8] [9] . The results of prior studies [10] suggest that from their first diagnosis until their recovery from treatment, patients undergoing endovascular surgery to correct a UIA may experience emotional distress, such as anxiety and conflict linked to their recognition of uncertainties, such as the ambiguity of late-stage impairment and inadequate dissemination of information about new treatments. Therefore, it is important to assess in detail and with accuracy, the degree of uncertainty that patients with a UIA are aware of over the course of their treatment and recuperation, and to offer assistance aimed at mitigating or removing this uncertainty.
Despite the development of a Japanese version [11] of the Mishel Uncertainty in Illness Scale-Community Form (MUIS-C) [12] , which measures uncertainty in illness, and the Universal Uncertainty in Illness Scale to be used for Inpatients and Outpatients (UUIS) [13] , a similar measure that can be used regardless of the treatment setting. These linear scales do not reflect this illness's particular discomfort or specific conditions. Therefore, this study focuses on the general idea of uncertainty concerning the subjective interpretations of responses to illness and medical treatment. A scale is also developed to measure the uncertainty that affects patients who have undergone endovascular surgery to treat a UIA, and to assess the scale's validity and reliability.
Definition of Uncertainty
The definition of uncertainty in this study is based on Mishel's definition as "the inability to determine the meaning of illness-related events…, the cognitive state created when the person cannot adequately structure or categorize an event because of the lack of sufficient cues" [14] .
Methodology
The name of the measure being developed and evaluated is the Uncertainty in Unruptured Intracranial Aneurysm Patients Undergoing Endovascular Coiling Scale (henceforth referred to as the UUIACS).
Initial Development of the UUIACS
An item pool was compiled with passages describing uncertainty, which had been excerpted from interview data of 31 patients diagnosed with UIA at the Department of Neurosurgery at Metropolitan A University Hospital. The interviewed patients had no previous experience of surgery related to intracranial aneurysms, and were undergoing endovascular coiling for the first time. Questions were developed using existing scales that measure uncertainty: the Mishel Uncertainty in Illness Scale-Community Form (MUIS-A) [15] , the MUIS-C Japanese edition [11] , and the UUIS [13] .
Next, similar and overlapping content were clustered, and 52 questions were developed. The questions were classified based on their meaning and organized into 6 categories: 1) Nature of the disease; 2) The treatment characteristics; 3) Information; 4) Decision making; 5) Course of the future; and 6) Living with UIA [16] .
The 52 questions were checked by another researcher, two doctors, two nurses, and four patients who previously underwent endovascular coiling to ensure that the expressions used were appropriate; some revisions were made. The questionnaire consisted of 52 items each with five response options (strongly disagree, disagree, undecided, agree, strongly agree) rated on a scale of 1 -5 points. Pilot tests were conducted with 50 UIA patients. The analysis found that two questions had a ceiling effect (percentage of patients who scored at the ceiling level-that corresponded to 10% best results on the scale), and one had a floor effect (percentage of patients who scored at floor level-equivalent to the 10% worst results on the scale); these items were eliminated, leaving the questionnaire with 49 questions. Additionally, a final analysis was performed to confirm the internal consistency and wording of the scale. In the end, the original draft of the UUIACS had 6 categories and 49 questions.
Developing the UUIAS-C and Analyzing Its Validity and Reliability
The survey portion of the UUIACS was distributed to develop it and analyze its validity and reliability. Exploratory factor analysis, internal consistency, validity testing, and confirmatory factor analysis were performed on the survey.
Participants

Target Group
The survey was administered at two different institutions to convenience samples of UIA patients who underwent neurosurgery and endovascular coiling as part of their treatment. The candidates in the target group were patients who were undergoing endovascular coiling for the first time and had consented to participate in the study.
Participants' Characteristics
Patients' gender, age, smoking behavior, family composition, medical history, and other patient attributes were surveyed via medical examination and patient interviews. The first author performed structured interviews. The content of the question included smoking behavior, family composition, medical history, and circumstances of discovery.
Measures
Uncertainty
The original draft of the UUIACS consisted of 6 categories and 49 questions, with responses on a 5-point scale (strongly disagree, disagree, undecided, agree, strongly agree) ranging from 1 -5 respectively. The total and subscale scores were calculated by simply summing the scores, a higher score indicated a higher degree of uncertainty experienced.
Scales Used for Assessing Criterion-Related Validity
1) Universal Uncertainty in Illness Scale (UUIS)
The UUIS, developed by [13] to measure uncertainty, is a linear scale composed of 26 items and 6 subscales. The scale can be used regardless of whether the medical treatment is administered on an inpatient or outpatient basis, and it better reflects how Japanese patients experience uncertainty in relation to their illness. A higher score indicates a higher level of uncertainty.
2) Health Locus of Control Scale (HLC Scale)
The HLC scale [17] measures subjective feelings of control over one's health. Health Locus of Control focuses on whether or not one believes that there is a cause associated with an event resulting from one's own behavior related to health and illness, and whether one believes that one had control over its cause. Questions 26-30 clearly relate to uncertainty [18] [19] . The scores for the HLC Scale range from 11 to 33 points, with a higher score indicating stronger subjective feelings of control over one's health.
3) Short Form-36v2 ® Health Survey-Japanese Version (SF-36v2 ® ) The SF-36v2 ® survey [20] [21], which measures health-related quality of life, SF-36v2 ® , consists of items related to physical functioning, everyday role functioning (physical), bodily pain, overall health, vitality, social functioning, everyday role functioning (mental), and eight subscales measuring mental health. The score is converted to a 0-100-point scale, and a higher score indicates a higher quality of life.
Survey Method
A questionnaire survey method was used. The researchers explained the intent of the survey and any ethical considerations to the patients. After obtaining informed consent, the questionnaires were distributed and the participants' responses were requested. The responses were collected on the same day, or they were returned by mail. The data collection was conducted from July 2013 to March 2014.
Data Analyses Methods
The following analyses were performed using statistics software SPSS 21.0J and Amos 22.0J. Item analysis was used to examine ceiling and floor effects and item-total correlations. Construct validity was tested by comparing the 6 categories that were developed when composing the original draft with the factors that were extracted from exploratory factor analysis. Criterion-related validity was tested by analyzing the correlation coefficients using UUIS, the HLC scale, and the Japanese version of the SF36v2 ® . Internal consistency was assessed by calculating Cronbach's alpha coefficients for the entire scale and each subscale. The model's degree of conformance was examined using confirmatory factor analysis, which was performed on the latent variables that included the items of the UUIACS that were selected as factors as a result of exploratory factor analysis. The UUIACS model's degree of conformance was tested using the goodness of fit index (GFI), degree-of-freedom adjusted goodness of fit index (AGFI), comparative fit indicator (CFI), and root mean square error of approximation (RMSEA).
Ethical Considerations
This study was conducted with the approval of the medical ethics committees of the institutions that implemented the survey in June 2013. The participants gave their consent after the study's intent was explained to them. At that time, the freedom of the participants to withdraw from the study and the protection of their anonymity were explained verbally and in writing, after which signatures were obtained indicating their consent. Their responses to the questionnaire were collected on the same day, and when this was not possible, the questionnaire was taken home and returned by mail.
Results
Clinical Research Settings and Data Collection Procedures
A request for cooperation was made to two institutions, both of which agreed. Questionnaires were distributed to 201 participants and 173 were retrieved (68.1% return rate); 10 of the returned questionnaires had missing responses; 9 of them were missing fewer than 10% of the total responses. Therefore, the total score was adjusted to reflect the average of the UUIACS, UUIS, HLC scale, and SF-36v2 ® (Japanese version). One of the returned questionnaires was missing more than 10% of the total responses and was eliminated from the study. Valid responses from 172 patients were used in the analysis of the data (response rate: 99.4%).
Participants
As shown in Table 1 , the participants consisted of 54 men and 118 women, with an average age of 62.3 (SD = 10.9); 44 participants had a family history of subarachnoid haemorrhage and 128 did not; 55 were smokers, and 117 were not.
Item Analysis
The item-total correlations ranged from 0.22 to 0.64; none of the questions had a correlation coefficient below 0.2; therefore, none of them were trimmed. Descriptive statistics were calculated and 15 questions were eliminated: 8 questions had ceiling effects (e.g. "I do not know the cause of my intracranial aneurysm") and 7 questions had floor effects (e.g. "I have not decided whether to continue medical examination going forward").
Factors Selected through Exploratory Factor Analysis
Exploratory factor analysis using promax rotation, was conducted on 34 questions (after eliminating 15 questions) ( Table 2) . A scree plot using principal component analysis showed that there were 4 factors, and after eliminating questions with a factor loading of less than 0.4, as shown in Table 2 , 4 factors and 17 questions achieved a valid factor structure and were extracted for use in the UUIACS. The cumulative contribution ratio before rotation was 45.85%, and the Spearman's correlations between the four factors ranged from 0.36 -0.60, all of them having significant positive correlations.
Subscale Naming
The contents of the items selected for each of the four extracted factors were interpreted. The first factor (6 items) pertained to uncertainty concerning the complexity of decision making (e.g. "I do not know which to choose, endovascular surgery or craniotomy" and "I do not know whether it is good that the unruptured intracranial aneurysm was detected"). This factor was named "Lack of decision-making cues". The second factor (5 items) pertained to uncertainty about the lack of information and the interpretation of information (e.g. "I feel like the more I learn about my illness and treatment, the less I understand and the more questions mount up" and "I do not know what other people with the same illness may be experiencing"). This factor was named "Lack of information, complexity of information interpretation". The third factor (3 items) pertained to uncertainty about the inability to specify the nature of the illness, as it was discovered at an asymptomatic stage before a rupture (e.g. "I do not know whether or not an unruptured intracranial aneurysm is an illness"). This factor was named "The ambiguous nature of the disease". The fourth factor (3 items) pertained to uncertainty about living with a UIA because it is a relatively recent illness (e.g. "Unruptured intracranial aneurysm is an illness with which I am not very familiar"). This factor was named "The unpredictable living with UIA".
Assessment of Reliability (Internal Consistency)
Cronbach's alpha for the overall UUIACS (17 questions) was 0.84, and for each of the four factors, it ranged from 0.61 -0.82 ( Table 2) .
Assessment of Validity
Assessment of Construct Validity
The items that fell under the four factors extracted through exploratory factor analysis (1) "Lack of decision-making cues"; 2) "Lack of information, complexity of information interpretation"; 3) "The ambiguous nature of the disease"; and 4) "The unpredictable living with UIA") were compared with the items that were classified under the six categories derived from the content analysis when creating the original draft of the questionnaire 1) "Nature of the disease"; 2) "The treatment characteristics"; 3) "Information"; 4) "Decision making"; 5) "Course of disease"; and 6) "Living with a UIA"). The results showed that the factor, "Lack of decision-making cues" consisted of the same items as categories 2) and 4). "Lack of information, complexity of information interpretation" consisted of the same items as category 3). "The ambiguous nature of the disease" consisted of the same items as category 1) and "The unpredictable living with UIA" consisted of the same items as categories 5) and 6).
Assessment of Criterion-Related Validity
To assess criterion-related validity, Spearman's correlations were calculated between the total UUIACS score, and the scores on the UUIS, HLC scale, and the SF-36c2 ® Japanese edition. As shown in Table 3 , the analyses yielded a positive correlation of r = 0.65 with UUIS, and a negative correlation of r = −0.25 with the HLC scale, that was significant at the 0.01 level. A problem remained with the SF-36v2 ® (Japanese version), which had a negligible correlation of r = −0.14.
Examination of the Model's Goodness of Fit
The goodness of fit of the hypothetical model obtained through exploratory factor analysis was assessed through confirmatory factor analysis. If the four factors are treated as latent variables, this should result in a GFI of 0.90 and an AGFI of 0.85, satisfying the goodness of fit criteria of a GFI of 0.9 or above, an AGFI of 0.85 or above, with the GFI greater than the AGFI. The GFI of 0.92 in this study, satisfied the criterion that the GFI should be above 0.9, and the RMSEA of 0.07 satisfied the criterion of 0.08. Between the latent variables and the observed variables, as shown in Figure 1 , all of the items achieved a valid path coefficient of 0.50 or above.
Discussion
This study attempted to develop a scale to measure the uncertainty that affects patients undergoing endovascular surgery for a UIA, focusing on uncertainty as a general concept concerning the subjective interpretation of illness and treatment. The result was the creation of the UUIACS, composed of 17 items and 4 subscales.
The Reliability and Validity of the UUIACS
Regarding the reliability of the UUIACS, Cronbach's alpha for the overall scale (17 questions) was 0.84, and ranged from 0.61 to 0.82 for each of the four subscales. Factors 1-3 exceeded 0.7. Only the fourth factor, at 0.61, fell below the criterion of 0.7. This finding could be caused by fewer questions. However, the Cronbach's alpha of 0.84 for the overall scale exceeded the criterion; therefore, it can be considered a generally reliable measure.
The scale's content validity was conducted the experts panel, criterion-related validity was tested by analyzing the correlation coefficients using UUIS, the HLC scale, and the Japanese version of the SF36v2 ® , and construct validity were examined by comparing 6 categories of the original draft from exploratory factor analysis. Content validity was examined during the creation of the original UUIACS draft, with consideration of whether or not the instrument had been adequately conceptualized to encompass the entire field, as understood from the literature review conducted as part of a qualitative study. The items of the UUIACS inquire about the uncertain- Table 3 . Criterion-related validity (n = 172).
Scale
Spearman's correlation coefficients ty of patients who undergo endovascular coiling for an UIA. The scale is not only for specialists who have received university degrees and are conversant in the development of linear scales; it also is of practical value for obtaining opinions from doctors and nurses who examine and treat large numbers of UIA patients, as well as the UIA patients who experience this type of uncertainty.
Regarding the scale's criterion-related validity, a strong positive correlation was observed between the total UUIACS score and the UUIS score. A significant negative correlation, although weak, was observed with the HLC scale score, confirming a degree of concurrent validity. However, there remains the issue of revising the scale because of the lack of a correlation with the SF-36v2 ® (Japanese version) and this issue will influence the future studies that are conducted.
In terms of the scale's construct validity, the 6 categories that were extracted through content analysis by the researchers during the original drafting stage of the UUIACS had an almost identical structure to the four factors that were extracted through exploratory factor analysis. Before rotation, the four factors' cumulative contribution ratio was 45.85%. Consequently, the UUIACS can be considered to have construct-related validity. Based on this finding, we can that the UUIACS is a scale with adequate validity and reliability, and may be used in clinical settings because it satisfied the criteria for the model's goodness of fit through confirmatory factor analysis.
Significance of the UUIACS's Characteristics and Development
The UUIACS, a linear scale measuring uncertainty, consists of 17 items in 4 subscales. The significance and characteristics of this scale can be discussed in comparison with the MUIS, which has been used around the world and with the UUIS, which was developed in Japan.
Mishel's scale was developed using American patient data (Mishel 1981) [15] . However, the UUIACS was based on Japanese patient data, so it might be a more accurate measure of how uncertainty is recognized by patients with a Japanese cultural background. Furthermore, the UUIS, has overcome problems with mis-translations and word nuances that affected the use of Mishel's scale [15] with Japanese people. It can be used regardless of treatment site, whether a patient is hospitalized or recuperating at home on an outpatient basis, so it is particularly useful for measuring uncertainty on an ongoing basis. The UUIACS was developed based on a longitudinal qualitative study, and reflects the specific phenomenon of UIA patients undergoing endovascular coiling; there-fore, it can be used continuously, as a measure that is highly relevant to this medical specialty. For this reason, there is a greater chance of acquiring a better understanding of the characteristics and changes of patients with this illness.
Moreover, the MUIS and UUIS measure the uncertainty recognized by patients while they are ill. However, UIA patients often express that "it is unclear whether an unruptured intracranial aneurysm is an illness", as the UIA is discovered at an asymptomatic stage; hence, this creates a key discrepancy between the MUIS and UUIS, which assume that the respondent must be experiencing the illness. Furthermore, UIA is a relatively new illness, and endovascular surgery is a relatively new treatment. Although making decisions regarding medical treatment is extremely difficult, the MUIS and UUIS do not include the concept of complex decision-making. Further, the UUIACS better reflects the nature and source of the uncertainties characteristic of UIA patients, and may help in the development of policies that remove the uncertainty faced by patients undergoing endovascular coiling to treat a UIA, or mitigate its effects.
Potential Use of the UUIACS to Evaluate Nursing Support
The UUIACS may be used to assess the uncertainty that UIA patients experience during recovery. For this reason, it can be used as an assessment tool for nurses. Furthermore, it is useful for examining how nurses might set goals and provide concrete support to patients by understanding their source, nature, and degree of uncertainty. For instance, when dealing with the lack of information or ambiguous subjective symptoms due to uncertainty over disease characteristics, uncertainty can eased and transformed into certainty by providing information, explaining whether subjective symptoms are due to UIA or not. On the other hand, with regard to decision making, uncertainty will not necessarily be transformed into certainty, most helpful information. In such cases, teaching probabilistic thinking skills helps patients to at least partially accept this certainty. Using the UUIACS, together with the HLC scale and a depression scale, may enable nurses to evaluate the results of their nursing support.
Study Limitations and Recommendations for Future Research
The UUIACS was developed through a region-based study that experienced difficulty guaranteeing an adequate number of participants. More than half of the scale's questions had to be eliminated during the item and factor analysis stages of its development; yet, problems with the expression of items remained. There was almost no correlation between the scale and the Japanese version of the SF-36v2®, and this finding will determine future plans for the scale's further development.
Conclusion
The development of a scale that can reflect the uncertainty experienced by patients undergoing endovascular surgery due to UIA is attempted. The result of this endeavor is a scale consisting of 17 items in 4 factors named, "Lack of decision-making cues", "Lack of information and complexity of information interpretation", "The ambiguous nature of the disease", and "The unpredictable living with UIA". The validity and reliability of the UUIACS are verified by assessing the scale's criterion-related validity and internal consistency.
